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Abstract: In this note we present a description on the implications on the refined dS Swamp-
land conjecture by considering non-BPS states in type IIB toroidal compactifications . We
concentrate on a model T-dual to type I theory for which the total K-theory charge of the
non-BPS states vanishes on the six-dimensional torus modded out by an orientifold three-
plane. Particularly we consider the presence of non-BPS five branes wrapping internal two-
cycles. We comment on the instability of this state by the presence of tachyon modes and
the apparent violation of the refined dS conjecture at the minimum of the tachyon potential.
The conjecture seems to be valid once we take into account that discrete K-theory charge
vanishes. We also describe some issues related to the presence of NS-NS fluxes required to
stabilize some moduli since they trigger the appearance of Freed-Witten anomalies. Cancel-
lation of these anomalies implies a topological transformation between non-BPS states and
fluxes with the same discrete K-theory charge. After the transition we observe that the dS
vacuum constructed from the presence of non-BPS states is also unstable.
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1 Introduction
The Swampland project has received a huge amount of attention over the last years. It es-
tablishes an opportunity to scrutinize relevant consequences in effective theories which can
be completed at high energies to a quantum theory of gravity (see [1] for a review). Among
many different edges within the project one that could be important is an adequate classifi-
cation of branes and fluxes by K-theory which represents a refinement of a first classification
by cohomology [2].
The effects K-theory and torsional cohomology charges on string phenomenology and
quantum gravity effects have been studied extensively in the last decade [3–7]. It is un-
derstood that more realistic scenarios can be constructed by taking into account fractional
charges related to branes and fluxes. For instance, it is known that fractional fluxes in string
compactifications could be essential to reproduce inflation and decide wether the considered
model is in or out the Swampland. Within this context it was also shown that the refined dS
Conjecture is not valid in the presence of non-BPS states when the corresponding K-theory
charged is not cancelled in the compact internal space[8].
There are two important features coming from K-theory. First of all, it classifies objects
that remain invisible to cohomology as the so-called non-BPS branes constructed by a pair
of brane and anti-brane in the presence of orientifolds [9]. Very recently it was studied the
consequences of having such states in the construction of stable dS vacua and their implica-
tions in the Swampland conjectures [8]. It was shown that the presence of discrete K-theory
charge seems to violate the refined dS conjecture [10, 11] for a non-zero total K-theory charge
over the compact internal manifold.
In this context, we want to comment about the implications of having such non-BPS
states in toroidal IIB compactifications T-dual to type I theory, meaning that we are actually
considering a cancelation of total K-theory charge. The interesting scenario comes from the
fact that non-BPS Dˆp-branes on top of O(p+ 2)-planes are unstable but carry a discrete Z2
topological charge [12, 13]. Condensation of the involved tachyon field involves a transforma-
tion of the non-BPS states into a global gauge field called toron which also carries the discrete
charge Z2.
However, in the presence of 3-form fluxes, required to stabilize the moduli, there are
potential Freed-Witten anomalies which must be cancelled. In this note we mention about
a scenario involving a flux-brane transformation driven by the presence of NS-NS fluxes and
its consequence in the Refined dS Swampland Conjecture.
In order to keep a simple description, we concentrate in isotropic T 6-torus with 3 moduli.
The complex structure U , the complex axio-dilaton S = e−φ + iC0 and the Ka¨hler modulus
– 1 –
T = t + iC4 where t = e
−φVol2/3. The intention of the present note is to show a generic
scenario which detailed description constitutes a work in progress.
2 Cancelation of K-theory charge
As it was shown in [12], on T-dual versions of Type I theory on a compact space, the total
discrete K-theory charge from non-BPS D̂p-branes vanishes. A prototypical example consid-
ers type I compactified on a two-dimensional torus T 2 with a non-BPS D̂7-brane sitting at
a point. The discrete charge is measured by the K-theory group KO(S2) = Z2. The system
is not consistent since a D̂0-brane surrounding any point in T 2 (also carrying a discrete Z2-
charge measured by KO(S9) = Z2) would acquire a phase. It is then concluded that total
discrete K-theory charge must vanish.
Upon appliance of T-duality, this constraint holds. To observe this, take type I theory
compactified on a factorizable T 6 with D7i-branes wrapping coordinates transversal to the
i-th torus T 2. The same inconsistency comes from the corresponding D̂0-branes surrounding
points in T 2i . Let us now perform T-duality on all internal coordinates. We get type IIB on
T 6 with sixty-four orientifold three-planes O3− sitting at fixed points in T 6. The non-BPS
D̂7-branes become Z2-charged D̂5-branes wrapping internal two-cycles. Actually this is a pair
of D5 − D¯5 wrapping a two-cycle in the covering space. The inconsistency is also reflected
at the quantum level by the presence of a global gauge anomaly on the four dimensional field
theory of probe D3-branes [12, 13].
On the other hand, there exists an alternative description of the above states by wrapping
Dp-branes on homology cycles. In our case, we have a discrete Z2 action on T 6. The coset
space is then T 6/Z2. At the level of homology, there exist torsional Z2 cycles in T 6/Z2
[14]. For instance, take the 1-cycle in the coset space around the fixed point x1 = x4 = pi
corresponding to the first torus T 21 . A brane wrapping twice along this cycle shrinks into a
point since twice the cycle is the boundary of a 2-dimensional sub-manifold on the covering
space T 21 . Hence, the homology group H1(T
6/Z2;Z) has torsion, actually Tor H1(T6/Z2;Z) '
Tor H2(T6/Z2;Z) = Z2. The same happens to other relevant cycles as
Tor H2(T
6/Z2;Z) ' Tor H3(T6/Z2;Z) = Z2,
Tor H0(T
6/Z2;Z) ' Tor H1(T6/Z2;Z) = Z2. (2.1)
It is important to point out that the discrete part is formally taken by removing the
fixed points on which the orientifolds are placed1. Since we are considering a factorizable
six-dimensional torus, there are also discrete cycles of higher dimensionality, formed by the
product of integer cycles (which descend directly from the covering space) and/or the discrete
1Strictkly speaking we are considering the space (T 6−{0})/Z2 which consists on removing the fixed points
under the action of Z2
ones (half-integer modulo 1). Therefore, higher dimensional homology groups have torsion
components as well. Now, take for instance a type IIB D5-brane and wrap it on a discrete
two-cycle in T 6/Z2. This brane is T-dual to the non-BPS D̂7- branes in type I compactified
on T 6. Notice that discrete D̂5-branes constructed as above define non-trivial cohomology
classes as opposed to D̂7-branes in Type I. This is due to the fact that T-duality acts not
within cohomology but in derived categories [15, 16].
3 Unstable dS vacuum in the effective theory
Hence let us consider a model in which we have a non-BPS D̂5 brane wrapping a 2-cycle on
T 6 under the action of an O3−-plane. Since the system carries a topological charge Z2 cannot
decay into vacuum and since it carries no RR charge the BPS condition is lost implying the
breakdown of supersymmetry. For this reason it is straightforward to realize that its presence
can contribute positively to the four-dimensional scalar potential of the effective theory as
stated in [8]. As mentioned, the moduli S and U are stabilized by turning on appropriate
NS-NS and RR 3-form fluxes, from which the scalar potential is of the form [8, 17]
V =
s|DSW|2
25u30t
3
+
A
D̂5
s3t1/2
, (3.1)
where it is observed that both terms in the right are positive if supersymmetry is broken by
moduli S or U . We shall concentrate in the case in which DUW = 0 but DSW 6= 0. The first
one is the expected positive contribution from a no-scale model corresponding to the F-term
potential derived from the Gukow-Vafa-Witten potential W = ∫ G3 ∧ Ω = P1(U)− iSP2(U)
depending on S and U . Pi(U) are cubic polynomials on U with real coefficients given by 3-form
fluxes [18]. The second term is the contribution from non-BPS D̂5-branes and both together
establish a way to stabilize the real Ka¨hler modulus. Observe that for a supersymmetric
solution for S and U it is not possible to stabilize the real part of the Ka¨hler modulus. Thus,
it is possible to fix the axiodilaton non supersymetrically and the Ka¨hler moduli is fixed at
T =
32/5|DS0W |2/5s4/50
213/5A
2/5
D̂5
u
6/5
0
. (3.2)
In summary the contribution of the non-BPS D̂5-brane allows to obtain a dS minimum
with all moduli stabilized.
3.1 A toy example
Consider the superpotential
W = 3ifU + 3ihSU2, (3.3)
– 3 –
where f and h are RR and NS-NS-fluxes. The vevs for the moduli are then given by
U = U0,
S =
17
19
f
h
,
T =
36/5174/5
388/5
 f2
A
1/2
D̂5
h
4/5 , (3.4)
where U0 is a common root for DUPi(U0) = 0 [19] and all the axions are fixed at zero. These
vevs fix the minima at a dS value of
Vmin =
7 · 1919/5
21/5 · 38/5 · 1717/5
A
6/5
D̂5
h17/5
f19/5
. (3.5)
Notice that for a small value of A
D̂5
, the modulus t is fixed at large values2 while the value
of the dS minimum is very small.
Although we have mention that in this model K-theory charges must cancel in the com-
pact space T 6, non-BPS branes are fixed to the orientifolds and one can safely consider the
effects on the local effective theory related to one fixed pint in T 6/Z2. With this in mind lets
us for the moment study the implications of just one of these non-BPS branes.
As shown in [13], the non-BPS D̂5-branes also contain a tachyon arising from strings
attached from them to the D3-branes on top of O3. The tachyon potential in this case is of
the form [20]
V (ξ) = −Aξξ¯ +B(ξξ¯)2, (3.6)
where ξ is the tachyon field and A and B some functions on the internal volume. This indi-
cates that a configuration given by a non-BPS D̂5-brane on top of the O3−-plane is unstable
to decay but cannot decay into vacuum because of the discrete K-theory charge. As the
tachyon condensates and V (ξ) reaches its minimum, the non-BPS D̂5-branes decays into a
gauge field configuration carrying the discrete Z2-charge. Such a configuration is a toron as
shown in [13]. Roughly speaking, a toron is an instanton on the T 6 torus with a fractional
instanton number arising as a consequence of imposing twisted boundary conditions which
are compatible with the Z2 charge carried by the non-BPS D̂5-brane in the corresponding
SU(2)/Z2 gauge theory [21].
As the tachyon rolls down the potential the non-BPS branes transform into a global gauge
field corresponding to the above toron. Once the tachyon field reaches the minimum, the sys-
tem restores the corresponding supersymmetry (although it is still broken by the fluxes) and
2Indicating a possible violation of the distance Conjecture, although a deeper study is required.
the positive contribution from the non-BPS brane together with the energy acquired by the
tachyon field is converted in closed strings and radiated to the background. Therefore, after
tachyon condensation, the scalar potential has a dS vacuum coming from its F-term and a
D-term contribution from the toron gauge field. In other words, after tachyon condensation
the dS vacuum can be preserved.
Let us go back to the global picture. Since we are working with T-dual versions of Type I
theory, K-theory charge must be cancelled. This means that there must be pairs of non-BPS
states located at different fixed points in T 6 modded out by the orientifold three plane. All
of them would decay as well into a toron and in consequence the total discrete charge carried
by the global gauge field would be zero as well. By cancelling the K-theory charge there
is no positive contribution to the scalar potential and no global gauge field defined over T 6
satisfying the refined dS and the gravity as the weakest force conjectures. The value at which
the Ka¨hler modulus was fixed remains even though the potential component related to the
non-BPS branes is now absent at the minimum of the tachyon potential due to cancellation
of the Z2-charge. However, since there is a potential solely depending on t−3 after tachyon
condensation, the modulus t is destabilized.
On the other hand, since we have considered the presence of RR and NS-NS fluxes to
stabilize S and U moduli, the K-theory classification of charges is modified by their presence
mainly the possible appearance of Freed-Witten anomalies on the involved branes.
4 Swampland conjectures and twisted K-theory
The presence of a non-trivial NS-NS 3-form flux defines a refinement in cohomology by the
map d3 = H3∧ which has stringy consequences in the presence of torsion as in the case we
are studying3. One direct question involves the cancelation of Freed-Witten anomalies on the
branes. In terms of cohomology the most important mapping in our case is defined by
d3 : H
1(T 6/Z2)→ H4(T 6/Z2), (4.1)
given by
d3(f1) = H3 ∧ f1 := d(f3) (4.2)
which actually is the condition to cancel Freed-Witten anomalies on the corresponding branes.
This mapping can be interpreted through the physical realization of the Atiyah-Hirzebruch
Spectral Sequence named the Maldacena-Moore-Seiberg instanton [22], in which a brane is
transformed into a topological equivalent set of fluxes. In this context the D̂5-branes are
equivalent to a flux configuration given by the NS-SN 3-form flux H3 and a discrete 3-form
flux f3 belonging to Tor H
3(T 6/Z2) = Z2, i.e. that 2f3 = dσ2 for a two-form σ2 ∈ H2(T 6/Z2),
3Actually one must consider the cup product ∪.
– 5 –
such that the discrete topological charge carried by the non-BPS D̂5-branes is now carried
by the fluxes H3 and f3, this is
H3 ∧ f3 = 1 mod 2. (4.3)
Notice that the torsion form f1 ∈ Tor H1(T6/Z2) is related via Poincare´ duality to an in-
stanton D7-brane covering the compact space. Therefore the brane-flux transition can be
represented as follows: the non-BPS D̂5-brane encounters an instantonic D7-brane support-
ing the NS-NS H3 flux and it transforms into a discrete (half-integer modulo 2) flux f3.
Because of the instantonic brane, we also have a discrete f1 form (the magnetic field). The
fractional charge of the non-BPS brane is now carried by f3 and H3.
It is important to stress out that the instantonic D7-brane is related precisely to the
toron gauge field which by the presence of the NS-NS flux transform into discrete fluxes.
One can say that this process is the consequence of canceling the Freed-Witten anomalies.
The difference between the process without taking into account the effects of the NS-NS flux
is that now, the final configuration is given by discrete fluxes in the torsional part of coho-
mology (which is another way to say that twisted K-theory classifies RR fields as well [23–26]).
Let us now consider the overall configuration in which there are even number of non-BPS
states before tachyon condensation or the brane-flux transition. Since the non-BPS states
are immersed in the same flux configuartion, the vevs for moduli are the same in each fixed
point in T 6/Z2. After that the transition occurs for each non-BPS brane such that the total
discrete charge must cancel,
N
D̂5
+ N̂ = 0 mod 2, (4.4)
where N̂ = ∫ H3 ∧ f3.
In consequence, the total discrete charge is cancelled after the brane-flux transition but
the internal volume and the moduli U and S remain stabilized at their initial values since the
transition was topological. Therefore, since there is no Z2 charge at the final configuration,
dS vacuum seems to be preserved as in the fluxless case, but since at this point the only
component of the scalar field comes from the F-term, there is a runaway direction on t which
also destabilizes this modulus.
5 Final Comments
In this note we present some generic issues concerning a more detailed study that is still
under progress. However we think it could be interesting to share them at this stage [8]. For
instance, in the case in which the total K-theory charge vanishes on the internal manifold, the
non-BPS states could be unstable to decay into a different configuration which also carries the
discrete Z2 charge. This configuration was studied [13] corresponding to non-BPS D̂5-branes
on top of O3−-planes, T-dual version of the non-BPS D̂7-brane. This state is unstable due
to the presence of a tachyon. After its rolling down to the minimum of the tachyon potential,
the final state corresponds to a global gauge field called a toron. In this scenario it is possible
to stabilize all moduli previous to the tachyon condensation in a dS minimum. Since the
transformation is topological the moduli vevs are not altered and it is possible to maintain
the dS vacuum with just one non-trivial Z2 charge. At this point it seems that the refined
dS conjecture is not valid.
However, once we consider that there are pairs of non-BPS D̂5-branes at different fixed
points in T 6/Z2, the total charge carried by the toron vanishes and the real Ka¨hler modulus
become a runaway direction, destabilizing the dS minimum and reestablishing the validity of
the refined dS conjecture.
The situation turns more difficult once we consider that the presence of NS-NS fluxes,
necessary to stabilize S and U moduli, also triggers the appearance of Freed-Witten anoma-
lies on the involved branes. For that, we make use of the MMS instanton [22] in which the
anomalies are cancelled by a brane-flux transition. Therefore, the correct picture involves
the presence of an instantonic D7-brane driving a topological transformation of the non-PBS
D̂5-branes into discrete half-integer fluxes, now carrying a Z2-charge. The contribution of
these fluxes to the scalar potential is also positive and the final states are quite similar as in
the fluxless case. This is, there exists a dS vacuum which becomes unstable once the total
charge carried by non-BPS states or discrete fluxes is cancelled over the internal manifold.
Finally, we want to mention the importance of having fractional (half-integer modulo 2)
fluxes in effective models. Their presence seems to be very important, among other things,
to be in or out the Swampland [19, 27].
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